Abstract: Heart rate variability (HRV) is a reliable index and reflection of the many physiological factors modulating the normal rhythm of the heart. In fact, this provides a powerful means of observing the interplay between the sympathetic and parasympathetic nervous systems. Heart Rate (HR) is a non stationary signal; its variation may contain indicators of current disease, or warnings about impending cardiac diseases. The indicators may be present at all times or may occur at random during certain intervals of the day. Hence t is strenuous and time consuming to study and pinpoint abnormalities in voluminous data collected over several hours. Therefore HR variation analysis (instantaneous HR against time axis) has become a popular noninvasive tool for assessing the activities of the autonomic nervous system. Computer based analytical tools for in-depth study of data over daylong intervals can be very useful in diagnostics. Therefore, the HRV signal parameters, extracted and analyzed using computers, are highly useful in diagnostics. Here we present an inexpensive AVR microcontroller based data acquisition system with computer interface. Typical data collected is presented and analyzed using Poincare plot and Rescale Range analysis technique and thus fractal dimension of the time series of HR signal is determined and details discussed.
Introduction
Embedded system and microcontroller based instrumentation has dramatically increased the pace of research and development, particularly in the field of life sciences. Parameters of interest in such areas were difficult to quantitatively determine and analyze. With the development of advanced electronics measurement of such variables and parameter has been possible and newer approaches toward diagnosis are evolving. Hear Rate Variability (HRV) is one such parameter that has been found to be associated with a wide variety of disorders as it is one of vital component of the physiology. Heart rate variability (HRV), the variation over time of the period between consecutive heartbeats, is predominantly dependent on the extrinsic regulation of the heart rate (HR). HRV is thought to reflect the heart's ability to adapt to changing circumstances by detecting and quickly responding to unpredictable stimuli. HRV analysis is the ability to assess overall cardiac health and the state of the autonomic nervous system (ANS) responsible for regulating cardiac activity. HRV is a useful signal for understanding the status of the ANS. HRV refers to the variations in the beat intervals or correspondingly in the instantaneous HR. The normal variability in HR is due to autonomic neural regulation of the heart and the circulatory system (Saul JP, 1990 ). The balancing action of the sympathetic nervous system (SNS) and parasympathetic nervous system (PNS) branches of the ANS controls the HR. Increased SNS or diminished PNS activity results in cardio-acceleration. Conversely, a low SNS activity or a high PNS activity causes cardio-deceleration. The degree of variability in the HR provides information about the functioning of the nervous control on the HR and the heart's ability to respond (U. Rajendra Acharya, 2006) . Past decades have witnessed the recognition of the significant relationship between ANS (automatic nervous system) and cardiovascular mortality including sudden death due to cardiac arrest (Levy MN , 1994 , Schwartz PJ, 1990 , Task Force of the European Society of Cardiology and North American Society of Pacing and Electrophysiology, 1996).
Methods and materials
In view of the growing interest in quantitative measurement of the Heart Rate Variability (HRV) we present the design and implementation of the microcontroller based data acquisition system based on AVR microcontroller Atmega32. The approach adopted is close to that presented for data acquisition system for measuring voltage and current during electrodeposition of fractal patterns (Shaikh Yusuf, 2012) . In the present case it is employed for the measurement of time duration and the ADC part does not apply here and hence not used. For the purpose of detecting pulse duration we used standard heart beat sensor Model 1157 from Sunrom Electronics shown in Figure 1 . This detector assembly has built in amplifiers, filters and threshold detectors to precisely give the on time and off time (lag time up to next beat) and the sum of the two makes the complete duration of one heart beat. The detector unit provides the output in the form of 0-5 V TTL signal for further processing and the same can be directly connected to a microprocessor or a microcontroller. The marking shown as finger is the position where finger is to be placed. Red light from the LED passes through the finger and part of it gets reflected. With the heart beat as the blood rushes through the vessels, the transparency changes which in turn results in the variation in the intensity of the reflected light. This variation is detected, amplified and filtered and then the actual beat is detected through threshold detection, the related IC's and circuitry is mounted on the other side of the PCB shown in figure 1. For HRV measurements one needs to precisely measure the duration between two consecutive pulses, to this effect a data acquisition system based on AVR microcontroller Atmega32 is designed and developed. For data transfer to computer we made use of parallel port of printer port in SPP mode. The TTL signal from the detector is connected to bit 4 of Port B i.e. PB4 (Pin 5) which is configured as input pin. As soon as this pin goes high, the microcontroller starts counting the time in units of milliseconds. The value is stored in a RAM location and similarly the pin is monitored till it is low and the duration for which it remains low is also determined and stored in a different RAM location. As the time difference between the two consecutive pulses is of interest, this is also saved in a ram location. All the counts are in 16 bit format allowing a maximum value of 65535, however in the present application the values more than 1023 (10 bit) are not used, provision is made for more accurate time measurements.
The time so measured is a 16 bit value (10 bits actual data), the lower most 8 bits are sent to port C and the remaining two bits are padded on the left with two bits serving as a counter, rest 4 bits are sent to port D. Both port C and D are configured as output port. Thus the microcontroller sends 12 bit of data to port C and D. As the data retrieval at the computer side is via printer port in SPP mode, there are only 5 pins available for use as input; we used multiplexer 74LS257 in a configuration shown in Figure 2 . The 12 bit data on port C and D is divided into three nibbles of four bit each and can be selected from the computer side program using output data pins D0 and D1 connected to the pin numbers 2 and 3 respectively of the 25 pin printer port. D0 input from printer port pin No. 2 is used for nibble selection as it is connected to pin is developed in VB and monitors printer port by reading the 12 bit data at regular intervals. The actual pulse width measurement is 10 bit wide covering a time of 1.024 seconds which is more than sufficient for this application. The remaining two bits out of the 12 bits used are padded by a two bit number. This two bit value is incremented every time a new pulse is measured. This bit helps in determining arrival of a new pulse, thus every time the controlling PC reads a data, if this counter is not changed, the data is already used and thus ignored, if this value is incremented, it announces the arrival of new data which is read and stored for further processing. After a recording a preset number of data point, the same is stored in a text file with suitable name for later use. To avoid false triggering or invalid data, care is taken on the microcontroller side controlling program so that if the duration measured is below the preset value or greater than a preset value, it is considered as false triggering and the data is ignored and not sent to port C and D, so that this does not get unnecessarily recorded.
Results and discussions
The text files saved by the controlling program on PC side can be used for further processing of the data to explore the variability in the heart rate. In fact the data so collected is a time series of HR events and there are different approaches to interpret data in the form of time series. One such approach is the Rescale Range Analysis (RS analysis) which helps understanding and interpretation of the time series of data in terms of variability. Figure 3 is a plot of two sets of heart rate data as duration in ms in the form of a time series. To extract the extent of variability, the data is plotted in the form of a Poincare map or plot. A Poincare map is a plot of t(n+1) versus t(n) where t(n) is the duration of the nth pulse and t(n+1) is the duration of the next pulse. A Poincare plot provides an easy visualization of the variability in the time series data, it is also known as scatter plot. More the variability in the time series data more is the scatter in the plot and the points are widely distributed. Poincare plot of the two sets of data in Figure 3 is shown in Figure 4 and 5. It is clearly seen from the Poincare plot that the scatter in the data set -I is more than that in set -II indicating a higher degree of variability also the scatter is more in one direction for set -I.When RS analysis is implemented on a time series data it brings out the Hurst exponent underlying the data, the Hurst exponent can be used to find the fractal dimension of the time series of data. Most of the data originating from natural processes is consequence of number of competing random processes and thus the data has a component of irregularity and variability. In some cases it exhibits self similarity and scale invariance that can be ascertained from the associate fractal dimension. The two sets of data presented in The plots of log(R/S) versus log(τ/2) for Table -1 and 2 are shown in Figure 6 and 7 respectively. It is seen that all the points plotted lie along a straight line. The points plotted are the results of RS analysis and the line joining these points is the least square fit applied to these points. The equation in the inset is the equation of the best fitting line, the value of R2 clearly indicates that the line fits to the points nicely as the value is close to unity. The resulting value of Hurst exponents for the two data sets obtained from the slope of the best fitting line are 0.8665 and 0.7476respectively and the corresponding fractal dimension are 1.1335 and 1.2524 respectively. If the value of Hurst exponent 'H' is between 0.5 and 1, the trend is persistent which indicates long memory effects. This also means that the increasing trend in the past implies increasing trend in the future also or decreasing trend in the past implies decreasing trend in the future also. This confirms persistence in the time series of heart rate data for both the sets. 
Conclusions
Data acquisition system for heart rate measurement is designed and constructed using AVR microcontroller Atmega32 with computer interface. The design of data acquisition is flexible and can be modified for applications similar to HRV measurements. Computer side controlling and data acquisition program is developed in Visual Basic to read the data from microcontroller. Two typical cases of heart rate measurement are presented taking 1024 samples each. The data is analyzed using Poincare plot to visualize HRV. A more quantitative approach based on RS analysis is presented and results of analysis of the data presented. RS analysis based fractal dimensions are calculated for the two data sets which clearly bring out the variability quantitatively as the fractal dimension for the data set -I is higher than that of the data set -II it indicates that the variability is higher for the data set -I
